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( 57 ) ABSTRACT 
Provided is a gas chromatograph including a column which 
separates a sample ; a detector which is configured to alter 
nately introduce a carrier gas containing a sample compo 
nent separated by the column and a carrier gas alone into a 
detection unit by changing an inflow point of the carrier gas 
to acquire a signal ; an analysis information input unit with 
which alysis information is input ; a data retaining unit 
which retains data indicating a relationship between a col 
umn flow rate and a carrier gas flow rate which is obtained 
in advance ; and calculation unit which is configured to 
calculate the carrier gas flow rate on the basis of the analysis 
information input from the analysis information input unit 
and calculate the carrier gas flow rate according to the 
calculated column flow rate by using the calculated column 
flow rate and the data retained in the data retaining unit . 

( 58 ) 

4 Claims , 3 Drawing Sheets 
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GAS CHROMATOGRAPH As illustrated in FIG . 1 , when the valve 130 is opened and 
the valve 134 is closed , the pressure of the carrier gas in the 

BACKGROUND OF THE INVENTION connecting portion 132 is set to a predetermined pressure 
value by the pressure regulator 126. Herein , the predeter 

Field of the Invention 5 mined pressure value denotes a pressure sufficient to trans 
gas of the carrier gas and the sample gas ) 

The present invention relates to a gas chromatograph used discharged from the column 106 to the detector 122 through for gas chromatography ( GC ) . the coil - shaped pipe 120 . 
On the other hand , when the valve 130 is closed and the Description of the Related Art valve 134 is opened , the pressure of the carrier gas in the 

connecting portion 136 is set to a predetermined value by the A thermal conductivity detector ( TCD ) is known as a pressure regulator 128. Herein , the predetermined pressure detector used for gas chromatography . The thermal conduc 
tivity detector utilizes the transfer of heat between a heating denotes a pressure sufficient to flow the gas discharged from 
element ( filament ) and a fluid ( gas ) flowing around the 15 the column 106 to the outlet 26 through the coil - shaped pipe 
heating element . The gas is introduced into a space where 116. Therefore , in this case ( the valve 130 : closed and the 
the heating element is accommodated and then discharged valve 134 : opened ) , the carrier gas alone is introduced into 
from the space . the detector 122 . 

In general , the thermal conductivity detector is provided With the above - described switching unit , it is possible to 
with at least two cell spaces where the filament elements are 20 select whether to introduce the carrier gas alone into the 
arranged . The filament elements are arranged in the respec detector 122 or to introduce the sample gas from the column 
tive cell spaces . 106. In addition , the opening and closing control of the 

A reference gas flows in the one cell space . A carrier gas valves 130 and 134 is performed valve driving circuit 
flows in the other cell space , and a sample gas to be analyzed 138 . 
is introduced in the other cell space . Then , electrical outputs 25 The gas discharged from the column 106 and the carrier 
of the two filament elements enter a detection circuit . In the gas alone are alternately introduced into the detector 122 . 
detection circuit , a correction current flows according to a Therefore , a bridge output signal 140 of the detector 122 
difference in thermal conductivity caused by the introduc appears as an AC signal . Namely , a level difference between 
tion of the sample gas . In the thermal conductivity detector , the bridge output signal 140 by the gas discharged from the 
the sample is detected by detecting the correction current . 30 column 106 and the bridge output signal 140 by the carrier 

In addition , there is known a gas chromatograph having a gas alone is caused by each component of the sample . 
detector that acquires a signal by controlling whether the Therefore , in a case where the sample gas is not included , 
sample gas separated by a column is introduced into the the two output signal levels become equal to each other . 
detection unit or the carrier gas alone is introduced into the Although the output voltage of the bridge output signal 
detection unit according to a pressure difference generated 35 140 gradually changes in level , it affects the above two 
by changing an inflow point of the carrier gas ( refer to , for signals in common . Therefore , by subtracting the bridge 
example , JP - A - 53-046091 ) . output signal level by carrier gas alone , a temporal drift of 

FIG . 4 is a block diagram illustrating an overall gas the detector 122 can be eliminated . 
chromatograph in the related art . In JP - A - 53-046091 , it is controlled whether a sample gas 

A carrier gas is stored in a storage tank 102. A flow rate 40 is introduced into a detection unit or a carrier gas alone is 
regulator 104 is connected between a column 106 and the introduced into the detection unit according to a pressure 
storage tank 102. A sample inlet 108 is connected to one end difference generated by changing the inflow point of a 
of the column 106. Herein , the column 106 has a function of 
separating each sample component in a time sequence In this method , when the sample gas is introduced into the 

45 detection unit , the sample gas is pushed toward the detection 
A gas flowed out from the column 106 is transported in unit side with the carrier gas , so that the sample gas is diluted 

one direction in one of pipes 112 and 114 through a by the carrier gas , and the minimum detection amount is 
connecting portion 110. Namely , the gas flowing into the lowered . 
pipe 112 is transported to an outlet 118 through the coil The dilution of the sample gas becomes large when a 
shaped pipe 116 and is discarded in the atmosphere . 50 carrier gas flow rate is increased ( namely , the pressure is 
On the other hand , the gas flowing into the pipe 114 is increased ) , and the dilution becomes small as the carrier gas 

transported to a detector 122 through a coil - shaped pipe 120 . flow rate is decreased ( the pressure is lowered ) . Therefore , 
The selection as to which pipe ( 112 or 114 ) the gas dis it is preferable to reduce the carrier gas flow rate . 
charged from the column 106 is switched to flow into is However , in a case where the carrier gas flow rate is 
performed by the method described below . 55 excessively reduced , the sample gas cannot be switched , and 

The carrier gas stored in the storage tank 102 is trans the sample cannot be measured . Therefore , it is important to 
ported to pressure regulators 126 and 128 through the pipe specify an appropriate carrier gas flow rate ( pressure ) . 
124. The gas flowed out from the pressure regulator 126 is However , since it was necessary for an operator to specify 
transported to the pipe 112 through the valve 130. Herein , a the carrier gas flow rate so far , an appropriate carrier gas 
connecting portion 132 between the valve 130 and the pipe 60 flow rate was not specified . Therefore , there is a problem in 
112 is located between the coil - shaped pipe 116 and the that the dilution of the sample gas caused by the carrier gas 
connecting portion 110 . is large and the minimum detection amount is lowered . 

In addition , the gas flowed out from the pressure regulator 
128 is transported to the pipe 114 through a valve 134 . SUMMARY OF THE INVENTION 
Herein , a connecting portion 136 between the valve 134 and 65 
the pipe 114 is located between the coil - shaped pipe 120 and The invention is to provide an appropriate carrier gas flow 
the connecting portion 110 . rate to an operator . 

carrier gas . 
manner . 



30 

US 10,458,961 B2 
3 4 

According to an aspect of the invention , there is provided carrier gas flow rate by which a detection signal of 90 % or 
a gas chromatograph including : a column which separates a more of the maximum value of the detection signal can be 
sample ; a detector which is configured to alternately intro obtained . 
duce a carrier gas containing a sample component separated In the analysis using the gas chromatograph , the operator 
by the column and a carrier gas alone into a detection unit 5 necessarily inputs analysis information , that is , information 
by changing an inflow point of the carrier gas to acquire a ( inner diameter and length ) of the column to be used , a 
signal ; an analysis information input unit with which analy temperature condition , a gas pressure to be applied to the 
sis information is input ; a data retaining unit which retains column , and the like manually or automatically . The gas 
data indicating a relationship between a column flow rate chromatograph according to the embodiment of the inven 
and a carrier gas flow rate which is obtained in advance ; and 10 tion automatically calculates the sample gas flow rate ( col 
a calculation unit which is configured to calculate the umn flow rate ) at the outlet of the column by using these column flow rate on the basis of the analysis information values and obtains an appropriate carrier gas flow rate from input from the analysis information input unit and calculate the calculated column flow rate and the value retained in the the carrier gas flow rate according to the calculated column internal memory ( data retaining unit ) . By automatically flow rate by using the calculated column flow rate and the 15 
data retained in the data retaining unit . displaying the obtained carrier gas flow rate on the display 

The gas chromatograph according to the embodiment of unit , it is possible to provide an appropriate carrier gas flow 
the invention can calculate an appropriate carrier gas flow rate to the operator . Accordingly , it is possible to suppress 
rate and provide the carrier gas flow rate to the operator . dilution of the sample gas caused by the carrier gas and to 

20 improve the minimum detection amount . 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 1 is a schematic configuration diagram illustrating a 

gas chromatograph according to an embodiment . 
FIG . 1 is a schematic configuration diagram illustrating a The analysis flow path of this gas chromatograph has a 

gas chromatograph according to an embodiment ; column 4 and a detector 16. One end of the column 4 is 
FIG . 2 is a schematic block diagram illustrating a carrier 25 connected to a sample vaporizing chamber 2. The column 4 

gas flow rate calculation function of a control unit according separates a sample which is introduced from an injector 1 
to the embodiment ; into the sample vaporizing chamber 2 to be vaporized and is 

FIG . 3 is a flowchart for explaining a carrier gas flow rate transported by the carrier gas . The column 4 is arranged 
calculation operation according to the embodiment ; and inside a thermostatic bath 3. The other end of the column 4 

FIG . 4 is a block diagram illustrating an overall gas is connected to a detector 16 . chromatograph in the related art . The detector 16 detects sample components separated by 
the column 4. The detector 16 is manufactured by , for DETAILED DESCRIPTION OF THE 

INVENTION example , a MEMS ( Micro Electro Mechanical Systems ) 
process . Therefore , a small - sized thermal conductivity 
detector can be realized . However , the detector 16 may be In the gas chromatograph according to the embodiment of 

the invention , the analysis information is , for example , at manufactured by a technique other than the MEMS tech 
least one of an inner diameter of the column , a length of the nique , for example , one formed as a metal block , or the like . 
column , a temperature , and a pressure applied to the column . The sample gas separated by the column 4 is transported 
In addition , the analysis information is not limited to the 40 in one direction in one of the flow path 13 in which the 
information listed herein . detection unit ( filament ) 17 is arranged and the flow path 14 

In addition , in the gas chromatograph according to the where there is no detection unit ( filament ) through the flow 
embodiment of the invention , the gas chromatograph is path 12 and the flow path 18 in the detector 16. The gas 
configured to display the calculated carrier gas flow rate on introduced into the flow path 13 or the flow path 14 is 
a display unit , to input a carrier gas at the calculated carrier 45 discharged to the outside of the detector 16 , for example , to 
gas flow rate , or to perform both . the atmosphere through the flow path 15. The one end of the 
An appropriate carrier gas flow rate ( pressure ) is deter flow path 18 is connected to the flow path 13. The other end 

mined by the shape of the gas flow path and the flow rate of of the flow path 18 is connected to the flow path 14. The flow 
the sample gas . A relationship between the appropriate path 12 is connected to the flow path 18 at a position 
carrier gas flow rate and the sample gas flow rate is obtained 50 between the flow path 13 and the flow path 14 . 
in advance by experiments or numerical calculation such as A flow path to which the pipe 10 is connected and a flow 
simulation and retained in an internal memory ( data retain path to which the pipe 11 is connected are also connected to 
ing unit ) of the gas chromatograph according to the embodi the flow path 18. The flow path to which the pipe 10 is 
ment of the invention . connected is connected to the flow path 18 at a position 

Herein , the relationship between the appropriate column 55 between the flow path 12 and the flow path 14. The flow path 
flow rate and the carrier gas flow rate is a previously to which the pipe 11 is connected is connected to the flow 
obtained relationship representing the carrier gas flow rate at path 18 at a position between the flow path 12 and the flow 
which the detection signal becomes larger with respect to the path 13 . 
column flow rate when the column flow rate is set as a The carrier gas stored in the tank 6 is transported to a 
variable . In addition , the carrier gas flow rate at which the 60 pressure regulator 20 through a pipe 9 and a pipe 19. The 
detection signal becomes larger than the column flow rate is carrier gas flowed out from the pressure regulator 20 is 
preferably a carrier gas flow rate at which the detection transported to the sample vaporizing chamber 2. The sample 
signal becomes maximum , but the carrier gas flow rate is not gas obtained by vaporizing the sample introduced from the 
limited thereto . For example , the carrier gas flow rate in the injector 1 into the sample vaporizing chamber 2 is trans 
relationship between the column flow rate and the carrier gas 65 ported to the column 4 by the carrier gas and separated . The 
flow rate may be a carrier gas flow rate by which the separated sample gas is transported to the detector 16 by the 
detection signal has a certain size or more , for example , a 

35 
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Whether the sample gas flows into the flow path 13 or the configured as a portion of a memory 5a configured with , for 
flow path 14 in the detector 16 is determined by the example , an EPROM . In addition , the data retaining unit 21 
following method . may be included in a storage medium outside the micro 

The carrier gas stored in the tank 6 is also transported to computer . The storage medium may be any storage medium 
the pressure regulator 7 through the pipe 9. The carrier gas 5 which can retain the data indicating the relationship between 
flowed out from the pressure regulator 7 is transported to appropriate column flow rate and the carrier gas flow rate . 
either the pipe 10 or the pipe 11 through a switching valve For example , the storage medium may be a hard disk drive 
8 . ( HDD ) , a solid state drive ( SSD ) , a flexible disk ( FD ) , an 

In a case where the carrier gas is transported to the pipe optical disk , a magneto - optical disk , a CD - ROM , a DVD 
10 , the sample gas flowing out from the flow path 12 to the 10 ROM , a DVD - RAM , a nonvolatile memory card , and the 
flow path 18 is pushed by the carrier gas flowed out from the like . 
pipe 10 and flows into the flow path 13 where the detection The calculation unit 22 calculates the column flow rate on 
unit 17 is arranged . The carrier gas alone flows into the flow the basis of the analysis information input from the analysis 
path 14 where there is no detection unit ( filament ) . information input unit 23. In addition , the calculation unit 22 
On the contrary , in a case where the carrier gas is 15 calculates an appropriate carrier gas flow rate according to 

transported to the pipe 11 , the sample gas is pushed by the the calculated column flow rate from the calculated column 
carrier gas transported from the pipe 11 and flows into the flow rate and the value retained in the data retaining unit 21 . 
flow path 14 where there is no detection unit ( filament ) . The The analysis information input unit 23 is a unit with 
carrier gas alone flows into the flow path 13 where the which , for example , the analysis information including an 
detection unit 17 is arranged . 20 inner diameter , a length of the column 4 , a temperature and 

Whether to introduce the sample gas from the column 4 a pressure applied to the column 4 are input . For example , 
or the carrier gas alone into the flow path 13 where the the analysis information input from the analysis information 
detection unit 17 is arranged can be selected by a gas input unit 23 is displayed on the display unit 24 by the 
switching method using the pressure difference as described calculation unit 22. In addition , information such as a carrier 
above . For example , by operating the switching valve 8 at a 25 gas flow rate other than the above - described analysis infor 
constant period of , for example , about 100 milliseconds , mation may be input from the analysis information input 
signals of the sample gas and the carrier gas can be acquired unit 23 . 
by the detection unit 17. A chromatogram of the sample gas The relationship between the appropriate column flow 
can be obtained by taking the difference between the respec rate and the carrier gas flow rate retained in the data 
tive signals . 30 retaining unit 21 may be a value obtained in advance by 

A control unit 5 is provided to control a column flow rate experiments or may be a value previously obtained by 
and a carrier gas flow rate . For example , the control unit 5 theoretical calculation or numerical calculation such as 
is configured to mainly include a microcomputer including simulation . 
a CPU ( Central Processing Unit ) , a RAM ( Random Access In addition , in a case where the appropriate carrier gas 
Memory ) , a ROM ( Read Only Memory ) , an EPROM ( Eras- 35 flow rate is calculated by the calculation unit 22 , only one 
able Programmable ROM ) , and the like dedicated to a gas value retained in the data retaining unit 21 may be used , or 
chromatograph provided in a gas chromatograph main body . a plurality of values may be used . 
The control unit 5 may be implemented by , for example , a The calculation of the column flow rate and the appro 
workstation or a personal computer outside the gas chro priate carrier gas flow rate by the calculation unit 22 is 
matograph , other than the CPU and the like dedicated to the 40 implemented by , for example , a program of the CPU . The 
gas chromatograph . In addition , the control unit 5 may be data retaining unit 21 is data stored in the memory 5a 
configured with a plurality of CPUs , a plurality of work connected to the CPU . The analysis information input unit 
stations , a plurality of personal computers , a combination 23 is , for example , an input device such as a keyboard or a 
thereof , or the like . touch panel connected to a CPU . The display unit 24 is , for 
An analysis information input unit 23 with which analysis 45 example , a display device such as a monitor or a digital 

information and the like are input to the control unit 5 is display connected to a CPU . 
provided . For example , a display unit 24 which displays the FIG . 3 is a flowchart for explaining the carrier gas flow 
analysis information and the carrier gas flow rate calculated rate calculation operation according to the embodiment . 
by the control unit 5 , and the like are provided . When the analysis information to be used in the gas 

The control unit 5 controls the operations of , for example , 50 chromatograph is input to the analysis information input unit 
the injector 1 , the thermostatic bath 3 , the pressure regulator 23 such as a keyboard ( step S1 ) , the calculation unit 22 
7 , the switching valve 8 , the detector 16 , and the pressure calculates the column flow rate ( step S2 ) . 
regulator 20 . The calculation unit 22 refers to the data indicating the 

FIG . 2 is a schematic block diagram illustrating a carrier appropriate column flow rate and the carrier gas flow rate 
gas flow rate calculation function of the control unit accord- 55 retained in the data retaining unit 21 ( step S3 ) . The appro 
ing to the embodiment . priate carrier gas flow rate is calculated by the calculation 

The configuration of the control unit 5 is , for example , a unit 22 from the calculated column flow rate and the value 
function executed by a program installed in the microcom retained in the data retaining unit 21 ( step S4 ) . 
puter and data retained in the EPROM . Instead of the The calculated appropriate carrier gas flow rate is dis 
EPROM , an EEPROM ( Electrically Erasable Programmable 60 played on the display unit 24 , provided to the operator by 
ROM ) , a flash memory , or the like where data is electrically voice from the speaker , or provided to the operator by the 
erasable may be used . both methods ( step S5 ) . Furthermore , the calculated appro 

The control unit 5 is configured to include a data retaining priate carrier gas flow rate may be automatically input to the 
unit 21 and a calculation unit 22 . site where the carrier gas flow rate is input . 

The data retaining unit 21 retains data indicating the 65 The control unit 5 controls the pressure regulator 7 on the 
relationship between an appropriate column flow rate and basis of the value of the carrier gas flow rate displayed on the 
the carrier gas flow rate . The data retaining unit 21 is display unit 24 . 
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In this manner , the chromatograph according to the an analysis information input unit with which analysis 
embodiment automatically calculates the appropriate carrier information is input ; 
gas flow rate and provides the appropriate carrier gas flow a data retaining unit which retains data indicating a 
rate to the operator . Accordingly , it is possible to suppress relationship between a preliminarily - set column flow 
dilution of the sample gas caused by the carrier gas and to rate and a carrier gas flow rate which is a flow rate of 
improve the minimum detection amount . the carrier gas which is to be introduced into the Although the embodiments of the invention have been detector ; and described above , the configurations , arrangements , numeri a calculation unit which is configured to calculate the cal values , materials , and the like in the embodiments are column flow rate on the basis of the analysis informa merely examples , and the invention is not limited thereto . 10 
Various modifications can be made within the scope of the tion input from the analysis information input unit and 
invention disclosed in the claims . calculate the carrier gas flow rate according to the 
What is claimed is : calculated column flow rate by using the calculated 

column flow rate and the data retained in the data 1. A gas chromatograph comprising : 
a column for separating a sample into components ; retaining unit , wherein 
a detector connected to downstream of the column , the the control unit is configured to control the pressure 

detector including a detection unit for detecting the regulator based on the calculated carrier gas flow rate . 
components of the sample separated by the column ; 2. The gas chromatograph according to claim 1 , wherein 

first and second introducing channels which are each the analysis information is at least one of an inner diameter 
arranged to introduce a carrier gas into the detector ; of the column , a length of the column , a temperature , and a 

a switch for selecting one channel through which the pressure applied to the column . 
carrier gas is introduced into the detector between the 3. The gas chromatograph according to claim 1 , wherein 
first introducing channel and the second introducing the gas chromatograph is configured to display the calcu 
channel so that the carrier gas containing the compo lated carrier gas flow rate on a display unit , to input a carrier 
nents or the carrier gas alone is selectively introduced 25 gas at the calculated carrier gas flow rate , or to perform both . 
into the detector ; 4. The gas chromatograph according to claim 2 , wherein 

a pressure regulator for regulating a flow rate of the carrier the gas chromatograph is configured to display the calcu 
gas introduced into the detector through the first intro lated carrier gas flow rate on a display unit , to input a carrier 
ducing channel or the second introducing channel ; gas at the calculated carrier gas flow rate , or to perform both . 

a control unit configured to control the pressure regulator ; 
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